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Flow battery + distillation column =
Thermally regenerative battery

Distillation column

Flow battery
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How the All-Agueous Cu-TRAB
(Cu,q- TRAB) works

Discharge

- - =

CuBE
NH,Br
1 ]

Positive electrolyte
CuBr,l+e =CuBr, FPe 0. 65 V
Weak ligand, Br

CW¥+e =Cut P2 0.15 V

Reaction Potential (V)

Cu(NH,),2* + e~ = Cu(NH,),* Eee-0.05V

Cu()(NH3) —

Cu(I)Br + e "—

Cu(Il)(NH3) + e Cu(hBr,

Membrane
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Milestone 3: Identify performance characteristics of

suitable membrane types




The best membrane for the Cu,,-TRAB Is not

obvious
Br CuBr* %
Q0
NH,* qEJ
CuBry =

Cation Exchange Membrane
VS

Anion Exchange Membrane Q

VS.

Uncharged Membrane

CEMSs: AEMSs:
Nafion 117 Sustainion E30-50
Selemion CMVN Selemion AMVN

Uncharged:
FilmTecBW30




Selemion CMVN showed the highest
peak power and energy density
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0.5 M CuBj, 5 M NHBr 10 mA cn?, 50 ml reservoir
0.5 MCuBy5 M NHBr, 4 M NH 0.65 V cutoff
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Higher applied currents resulted in higher

power, lower energy
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Selemion CMVN
50 ml reservoir
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Average power increased linearly with applied current density
Energy density fell sharply after 50 mA cm?
50 mA cm? showed good balance of high power and energy densities
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Where are we Iin comparison?
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Milestone 3: Identify perform~.nce characteristics of

suitable mern rane types




Power density remained constant over
200 hours

- Numerous cycling for 200
hours of continuous 8
discharge

,,\//\/\/‘*’\/\/\/\\»M

\l

- Power density was
unchanged during cycling
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Selemion CMVN Is costcompetitive with
commercial flow batteries
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CMVN was the lowest cost of storage due to being an inexpensive material

Applied current of 50 mA cm-2 for CMVN was lowest cost of storage

Theoretical limit of the battery approaches $150 per MWh
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Milestone 4: Verify basic COMSOL model with

experimental data obtained from lab-scale RFB test
system
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The COMSOL model with no ammonia
crossover did not match experimental
discharge curves

Energy Density Avg. Power Density
(Wh LY) (MW cm?)

Experiment 2.94 25.7
Model 3.54 30.7

Difference of ~20%!
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Selemion CMVN at 50 mA ém e



Model-experiment agreement was achieved

t hrough

a

posi tive el ec

caused by crossover

s -
o [}
2o /—

o .
T =

Cell Voltage (V)
© o o
- (o))

O
N

o
o

® Experiment
Model Baseline
0.1 mV/s

1 mV/s

Y'Y .
O j O O ; z0) )L

A ( A ) z b )
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Selemion CMVN
50 mA cn¥, 50 mL reservoir, 0.5 M CyBr



Trends In fitted decay rates correlated well
with ammonia flux

- Ammonia flux previously measured
In diffusion experiments

- Consistent with what would be

expected at low applied current
density

® Nafion 117 Selemion CMVN Sustainion
Selemion AMVN A BW30



